Forty-eight hours after unilateral nephrectomy in young male Sprague-Dawley rats the concentrations of free methionine, alanine and tyrosine in renal cortical tissue were increased by 15-65 percent while the corresponding plasma concentrations decreased by 23-35 percent. The renal cortical concentrations of valine and leucine increased by 41 percent and 26 percent while plasma concentrations remained unchanged. The cortical concentrations of ornithine, serine and threonine remained unchanged while the plasma concentration decreased by approximately one-third. The total free amino acid contained in the cortex was not changed, while total free amino acids in plasma decreased by 7 percent. These data are thought to reflect an increased uptake of methionine and tyrosine into renal cells during compensatory hypertrophy, and an increased incorporation into renal protein of serine, threonine and ornithine. All these changes as well as all other biochemical changes accompanying compensatory hypertrophy with the exception of an increase of the RNA/ DNA ratio were prevented by starvation for 48 hours after unilateral nephrectomy.
rats that were starved; (3) sham uninephrectomized rats that were fed; (4) sham uninephrectomized rats that were starved. Within three minutes after removal, each kidney was decapsulated and 200-250 mg of cortex obtained with a Stadie-Riggs microtome, weighed and homogenized in 2 ml of iced 6 percent sulfosalicylic acid. Blood was obtained following nephrectomy by aortic puncture, and also deproteinized with an equal volume of 10 percent sulfosalicylic acid.
Free amino acid concentrations were determined on renal and blood extracts by ion-exchange chromatography with a model 121 Beckman amino acid analyzer (Beckman Instruments, Inc., Palo Alto, California) [3] . Cortical amino acid concentrations in the right compensating kidney (CK) and the left resting kidney (RK) from the same rat were compared by pair analysis. Plasma concentrations of amino acids were compared between groups of uninephrectomized and sham-operated rats after uninephrectomy. RESULTS Three types of alterations in cortical and plasma amino acid concentrations were found in 8 fed, uninephrectomized rats. First, the cortical concentrations of methionine, alanine, and tyrosine increased by 15 to 65 percent, while the corresponding plasma concentrations simultaneously decreased by 23 to 35 percent (Table 1) . Second, the cortical concentrations of valine and leucine increased by 41 and 26 percent, while the plasma concentrations remained unchanged. Third, the cortical concentrations of ornithine, serine, and threonine remained unchanged, while the plasma concentrations decreased 31 to 34 percent. The increase in the concentrations of the individual amino acids in the cortex did not alter the total amino acid concentration of that tissue. In the plasma, however, decreased concentrations of the individual amino acids resulted in a 16 percent decrease (p<0.05) in the total amino acid concentration.
The alterations in plasma and cortical amino acid concentrations found during compensatory growth were abolished by starvation. Six starved uninephrectomized rats had amino acid concentrations in the cortex of both kidneys and plasma similar to those in 5 starved sham-operated rats. DISCUSSION Thus, the kidney during compensatory growth alters its intracellular amino acid concentration and plays a role in determining plasma amino acid concentrations. The increased renal cortical concentrations of methionine and tyrosine and the simultaneously decreased concentrations of these amino acids in plasma, found in the present study, suggest that the compensating kidney extracts sufficient quantities of these amino acids from the plasma to decrease the plasma concentrations. The increased cortical concentration of leucine without alteration in its plasma concentration may reflect increased renal extraction with maintenance of plasma concentrations by food intake or mobilization of hepatic or muscle amino acids. The decreased plasma concentrations of alanine, serine, threonine, and ornithine without a change in cortical pools of these amino acids was followed by their immediate incorporation into protein in stoichiometric amounts. Although the alanine and valine concentrations were higher in compensating than in resting kidneys, this was due to the fall in the resting kidney concentrations of these amino acids during the 16-hour fast before surgery. Thus the alanine and valine concentrations of the kidney were not altered by compensatory renal growth.
Increased intracellular concentrations of amino acids have been found to accompany increased protein synthesis in mammalian cells during liver regeneration [4] , and diets rich in protein or amino acids result in marked increases in both renal and hepatic mass [5, 6, 7] , perhaps by increasing the intracellular concentration of amino acids. The elevated cellular levels of free amino acids may act by directly stimulating one of the steps of protein synthesis by interacting with the ribosome-messenger RNA complex in the cytoplasm [8, 9] . The rise in each of the amino acids may have specific metabolic functions. The increase in cortical methionine concentration may be important, since methionine is known to be the initiating amino acid during synthesis of several mammalian and all bacterial proteins [10] . Renal amino acids might also be utilized as substrates for energy during growth via gluconeogenesis or ketogenesis.
The experiments also indicated that starvation following uninephrectomy prevents the increase in renal mass and cortical amino acid concentrations and the decrease in plasma amino acid concentrations. Thus, starvation overrides the compensatory growth stimulus. These findings are consistent with previous studies in which starvation for 36-48 hours after uninephrectomy prevented the expected increase in protein content [1 1] , palmitate oxidation [ 12] , and mitotic index [ 13] but did not alter the increased RNA/ DNA ratio [11] . The acid insoluble fraction containing phospholipid, and the acid soluble fraction containing phospholipid precursors, choline, and betaine, were then assayed for radioactivity [15] . The extracts were also assayed for the individual phospholipds by thin layer chromatography [16] . Each value is the mean ± SE for 8 mice.
Results
The rate of uptake of [14C] choline into the acid-soluble fraction reached a peak at 20-30 minutes of incubation; the incorporation of [14C] choline into the acidinsoluble fraction of cortical slices continued at a constant rate for 60 minutes.
[14C] choline was a specific precursor of renal phospholipids, since more than 99.95 percent of the radioactivity of the acid-insoluble fraction was extracted by chloroform: methanol. Over 99.7 percent of the extractable radioactivity was distributed in 3 phospholipid fractions: phosphatidylcholine, lysophosphatidylcholine, and sphingomyelin. The relative distribution of [14C] choline into each of these fractions was similar in all the kidneys tested.
An increased rate of [14C] choline incorporation into renal phospholipid was observed as early as 5 minutes after uninephrectomy (p < 0.01) (n = 7). The rate increased to a mean maximal value 68 ± 7 percent (p < 0.001) (n = 42) by 20 minutes and was maintained for at least 3 hours. Table 2 shows the values at one hour. The rate was 28-34 percent (p < 0.01) (n = 31) greater than normal at 1-2 days, but returned to normal by the sixth day after uninephrectomy. At various times after the sham-operation, the rate was similar in the two kidneys of 45 mice.
[14C] choline radioactivity in the acid-soluble fractions was similar in slices of both kidneys from uninephrectomized and sham-operated mice, measured at each of 9 different times during the 24 hours following surgery. Therefore, the increased rate of incorporation of [14C] choline into phospholipid during compensatory growth was not the result of increased choline uptake.
The rate of renal [14C] choline incorporation in vivo was also increased 25 percent (p<0.02) at 3 hours after uninephrectomy. The increased rate appeared to be specific for the kidney, since the rate of incorporation in livers from the uninephrectomized mice was the same as in sham-operated mice. Plasma radioactivity was similar in both groups of mice at 2 and 3 hours after surgery.
The effect of 3 hours of compensatory growth was measured in kidneys of 10 mice which had been labeled with [14C] choline for 20 hours in vivo. No differences in acidinsoluble or soluble radioactivity were detected between 3-hour compensating kidneys and resting kidneys or between each of the 2 kidneys in sham-operated animals.
Discussion
The results of this study demonstrated that increased metabolism of phospholipids in renal cortical cells occurs during the initiation of renal compensatory growth. The increased rate of choline incorporation is associated with equal increases of choline incorporation into each of the 3 choline-containing phospholipids. As long as the degradation of phospholipids remains constant, the rate of radioactive choline incorporation is an index of total cellular phosphatidylcholine synthesis, and an increased rate should correlate with membrane proliferation.
In the present study, the increased rate of choline incorporation into phospholipids began 5 minutes after uninephrectomy, reached a peak 15 minutes later, and remained elevated for at least 48 hours. This increased rate represents net synthesis, since the turnover of [14C] labelled renal phospholipids appeared unchanged after 3 hours of compensatory growth, while the rate of incorporation was increased at this time. This occurred both in vivo and in vitro. Previous work in this laboratory and by others into the initiation of compensatory growth indicated that an increase occurred in the pool of intracellular uracil nucleotides [16] and in the turnover of nuclear heterogeneous RNA [17] within 60 minutes after uninephrectomy. These observations indicated that alterations in RNA metabolism might initiate renal compensatory growth. The results of the present study suggest that altered membrane phospholipid metabolism precedes the known changes in RNA metabolism and occurs at the onset of renal compensatory growth.
The new membranes synthesized in renal cells during compensatory growth could be employed by the cell for new surface area for the exchange of extracellular compounds and intracellular transport and as a store of membranous components available to daughter cells in mitosis. Increased numbers of membrane-containing organelles do appear in renal cortical cells following contralateral nephrectomy. A 40 percent increase in the number of mitochondria [18] and large quantities of endoplasmic reticulum in whorl-like configurations appear at 2 days after uninephrectomy [19] . In addition, a 35 to 48 percent increase in total renal lipid phosphorus occurs by the fourth day [20] . Thus, the increased rate of choline incorporation reported in the present study may be a prelude to the proliferation of renal membranes during compensatory growth. The results of this study lend support to the hypothesis that the cell membrane may be involved in the control of cell growth and suggest that renal compensatory growth may be initiated by altered metabolism of cellular membranes.
